In this article, we study the vertices D * D * P , D * DV and DDV with the light-cone QCD sum rules. The strong coupling constants
Introduction
Final-state interactions play an important role in the hadronic B decays [1, 2] . However, it is very difficult to take them into account in a systematic way due to the nonperturbative nature of the multi-particle dynamics. In practical calculations, we can resort to phenomenological models to outcome the difficulty. The one-particleexchange model is typical (for example, one can consult Ref. [2] ), in this picture, the soft interactions of the intermediate states in two-body channels with one-particle exchange make the main contributions. The phenomenological Lagrangian has many input parameters, which describe the strong couplings among the charmed mesons in the hadronic B decays [2] . In the following, we write down the relevant phe-nomenological Lagrangian [2] ,
where we take the convention ǫ 0123 = 1. The strong coupling constants (for example, g D * DP , g D * D * P , etc.) can be estimated with the heavy quark effective theory and chiral symmetry [3] . In the heavy quark limit, the strong coupling constants in the phenomenological Lagrangian can be related to the basic parameters g, λ and β in the heavy quark effective Lagrangian (one can consult Ref. [3] for the heavy quark effective Lagrangian and relevant parameters, here we neglect them for simplicity.),
where g V = 5.8 from the vector meson dominance theory [4] . For existing estimations of the values of the g, λ and β, one can consult Refs. [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] . In previous work [15] , we study the strong coupling constants of the DDV and D * DV with the light-cone QCD sum rules, the numerical values of the g DDV and f D * DV are much smaller than the existing estimations based on the vector meson dominance theory [5] . In this article, we study the strong coupling constants g D * D * P , f D * DV , g DDV with the light-cone QCD sum rules
2 . Furthermore, we analyze the corresponding parameters g, λ, β in the heavy quark effective Lagrangian [3] , and obtain the values of the strong coupling constants
The light-cone QCD sum rules carry out operator product expansion near the light-cone, x 2 ≈ 0, instead of short distance, x ≈ 0, while the nonperturbative matrix elements are parameterized by the light-cone distribution amplitudes (which are classified according to their twists) instead of the vacuum condensates [16, 17] . The nonperturbative parameters in the light-cone distribution amplitudes are calculated with the conventional QCD sum rules and the values are universal [18] .
The article is arranged as: in Section 2, we derive the strong coupling constants g D * D * P , f D * DV and g DDV with the light-cone QCD sum rules; in Section 3, the numerical result and discussion; and in Section 4, conclusion.
2 Strong coupling constants g D * D * P , f D * DV and g DDV with light-cone QCD sum rules
We study the strong coupling constants g D * D * P , f D * DV and g DDV with the two-point correlation functions Π
In Eqs. (8) (9) (10) , we have not shown the contributions from the high resonances and continuum states explicitly as they are suppressed due to the double Borel transformation. Non-conservation of the vector currents J 
where the f D i0 are the weak decay constants. In this article, we choose the tensor structure ǫ µναβ p α q β (or ǫ µναβ ǫ ν p α q β ) for analysis in Eqs. (8) (9) , the presence of the scalar mesons cannot result in contaminations. We have alternative choice to use the axial-vector currents J 
where the f D i1 are the weak decay constants, we should be careful to avoid contaminations from the axial-vector mesons.
In the following, we briefly outline operator product expansion for the correlation functions Π ij µν (p, q), Π ij µ (p, q) and Π ij (p, q) in perturbative QCD theory. The calculations are performed at large spacelike momentum regions (q + p) 2 ≪ 0 and q 2 ≪ 0, which correspond to small light-cone distance x 2 ≈ 0 required by validity of the operator product expansion. We write down the propagator of a massive quark in the external gluon field in the Fock-Schwinger gauge firstly [19] ,
The contributions proportional to G µν can give rise to three-particle (and fourparticle) meson distribution amplitudes with a gluon (or quark-antiquark pair) in addition to the two valence quarks, their corrections are usually not expected to play any significant roles. For examples, in the decay B → χ c0 K, the factorizable contribution is zero and the non-factorizable contributions from the soft hadronic matrix elements are too small to accommodate the experimental data [20] ; the net contributions from the three-valence particle light-cone distribution amplitudes to the strong coupling constant g D s1 D * K are rather small, about 20% [21] . In this article, we observe that the contributions from the three-particle (quark-antiquarkgluon) light-cone distribution amplitudes are less than 5% for the strong coupling constants g D * D * P . The contributions of the three-particle (quark-antiquark-gluon) distribution amplitudes of the mesons are always of minor importance comparing with the two-particle (quark-antiquark) distribution amplitudes in the light-cone QCD sum rules. In our previous work, we also study the four form-factors
and g 2 (Q 2 ) of the Σ → n in the framework of the light-cone QCD sum rules approach up to twist-6 three-quark light-cone distribution amplitudes and obtain satisfactory results [22] .
In a word, we can neglect the contributions from the valence gluons and make relatively rough estimations in the light-cone QCD sum rules. In this article, we take into account the three-particle light-cone distribution amplitudes of the pseudoscalar mesons, and neglect the three-particle light-cone distribution amplitudes of the vector mesons to avoid cumbersome calculations.
Substituting the above c quark propagator and the corresponding π, K, ρ, K * and φ mesons light-cone distribution amplitudes into the correlation functions Π ij µν (p, q), Π ij µ (p, q) and Π ij (p, q), respectively, and completing the integrals over the variables x and k, finally we obtain the analytical results at the level of quark-gluon degrees of freedom. The explicit expressions are presented in appendix A.
In calculation, the two-particle π, K, ρ, K * , φ mesons and three-particle π, K mesons light-cone distribution amplitudes have been used [16, 19, 23, 24] , the explicit expressions are given in appendixes B-C. The parameters in the light-cone distribution amplitudes are scale dependent and can be estimated with the QCD sum rules [16, 19, 23, 24] . In this article, the energy scale µ is chosen to be
ij at the level of quark-gluon degrees of freedom into the following form,
where the ρ a ij (s 1 , s 2 ) (a = 1, 2, 3) are spectral densities, then perform the double Borel transformation with respect to the variables Q 2 1 and Q 2 2 directly. However, the analytical expressions of the spectral densities ρ a ij (s 1 , s 2 ) are hard to obtain, we have to resort to some approximations. As the contributions from the higher twist terms are suppressed by more powers of
, the net contributions of the twist-3 and twist-4 terms are of minor importance, less than 10% for the strong coupling constants g D * D * P , the continuum subtractions will not affect the results remarkably (for the strong coupling constants
, the contributions are less than 20% [25] .). The dominating contributions come from the two-particle twist-2 terms involving the φ(u), φ ⊥ (u) and φ (u). We perform the same trick as Refs. [19, 26] and expand the amplitudes φ(u), φ ⊥ (u), φ (u) and φ σ (u) in terms of polynomials of 1 − u, for example,
where the b k are coefficients, then introduce the variable s 1 and the spectral densities are obtained.
After straightforward calculations, we obtain the final expressions of the double Borel transformed correlation functions Π 
there exist overlapping working windows for the two Borel parameters M , it is convenient to take the value M
We introduce the threshold parameters s 0 = max(s 
for the correlation functions Π 1 ij , Π 2 ij and Π 3 ij respectively to subtract the contributions from the high resonances and continuum states [19] .
Finally we obtain the sum rules for the strong coupling constants
Finally, we take a double Borel transformation with respect to the variables σ 1 and σ 2 respectively, the resulting QCD spectral density reads
i.e.
For the twist-2 terms, α = 1, the two subtracting approaches lead to the same results, the simple subtraction procedure we take in Eq. (20) is still reasonable.
Numerical result and discussion
The input parameters are taken as m s = (0.14 ± 0.01)GeV, m c = (1.35 ± 0.10)GeV, [16, 19, 23] .
For the π meson: [16, 19, 23] .
For the ρ meson: a 1 = 0.0, a Table 1 : Numerical values of the ground state masses M gr and the threshold parameters √ s 0 from the QCD sum rules [32] . We denote the first excited state as 2S state, the values of the masses of the 2S states are taken from the predictions of the quark model [33] . [24] . The values of the decay constants f D , f Ds , f D * and f D * s vary in a large range from different approaches, for example, the potential model, QCD sum rules and lattice QCD, etc [27, 28] . For the decay constant f D , we take the experimental data from the CLEO Collaboration, f D = (0.223 ± 0.017)GeV [29] . If we take the value f Ds = (0.274±0.013)GeV from the CLEO Collaboration, the SU(3) breaking effect is rather large, 
The duality threshold parameters s 0 are shown in Table. 1 [32] . The threshold parameters s Table. 1, in this article, we take δs 0 = 0.5GeV 2 for simplicity. The Borel parameters are chosen as M 2 1 = M 2 2 and M 2 = (3 − 7)GeV 2 , in those regions, the values of the strong coupling constants g D * D * P , g DDV and f D * DV are rather stable.
In the limit of large Borel parameter M 2 , the strong coupling constants g D * D * P , f D * DV and g DDV take up the following behaviors,
It is not unexpected, the contributions from the twist-2 light-cone distribution amplitudes φ(u), φ (u) and φ ⊥ (u) are greatly enhanced by the large Borel parameter M 2 , uncertainties of the relevant parameters presented in above equations have significant impact on the numerical results.
Taking into account all the uncertainties, finally we obtain the numerical values of the strong coupling constants g D * D * P , f D * DV and g DDV , which are shown in Figs.1-3 , respectively,
The average values are about
The corresponding values of the basic parameters g, λ and β in the heavy quark effective Lagrangian can be obtained from Eq. (3), and listed in Tables.3-5. From Tables.3-5 or Eq. (3), we can obtain the values of the strong coupling constants
Taking the replacements g DDρ → in Eq. (1), we can obtain the same definitions for the strong coupling constants in Ref. [31] . Our numerical values g DDρ = 2.62 ± 0.58 and f D * Dρ = (3.56 ± 0.60)GeV −1 are compatible with the predictions g DDρ = 3.81±0.88 and f D * Dρ = (4.17±1.04)GeV −1 in Ref. [31] . The value g D * DP = 6.73 ± 3.07 obtained from the relation of heavy quark effective theory is different from the one obtained with the light-cone QCD sum rules g D * Dπ = 12.5±1.0 [19] . In Ref. [31] , the authors take much smaller values for the decay constants of the charmed mesons than the present work. In Ref. [19] , the authors take much smaller value of the decay constant f D and much larger value of the nonperturbative parameter a 2 (µ) than the present work. It is not unexpected that the numerical values are different from each other, see Eq. (30) . We can expect the relations in Eq. (3) work well.
The values of the g vary in a large range from different approaches, see Table. 3, the present prediction g = 0.22 ± 0.10 is consistent with our previous calculation g = 0.16
+0.07
−0.05 with the light-cone QCD sum rules [14] . However, it is much smaller than most of the existing estimations, this maybe due to the shortcomings of the light-cone QCD sum rules.
The basic parameter λ relates to the form-factor V (q 2 ) of the hadronic transitions V |qγ µ (1 − γ 5 )b | B and V |qσ µν (1 + γ 5 )b | B , which can be calculated with the light-cone sum rules approach and lattice QCD. With assumption of the form-
2 is dominated by the nearest low-lying vector meson pole, we can obtain the values of the λ [5, 6] , which are presented in Table. 4. The parameter β can be estimated with the vector meson dominance theory, which is presented in Table. 5, for technical details, one consult Ref. [15] . The large discrepancies maybe that the vector meson dominance theory overestimates the values of the βg V and λg V , the other possibility maybe the shortcomings of the light-cone QCD sum rules.
We can borrow some idea from the strong coupling constant g D * Dπ , the central value (g D * Dπ = 12.5 or g D * Dπ = 10.5 with the radiative corrections are included in) from the light-cone QCD sum rules is too small to take into account the value (g D * Dπ = 17.9) from the experimental data [9, 19, 34] . Naively, we can expect that the contributions from the radiative corrections cannot smear the discrepancies between our predictions and other estimations for the strong coupling constants g D * D * P , f D * DV and g DDV . It has been noted that the simple quark-hadron duality ansatz which works in the one-variable dispersion relation might be too crude for the double dispersion relation [35] . As in Ref. [34] , we can postpone the threshold From Tables.3-5, we can see that our numerical values are much smaller than most of the existing estimations (for example, the values taken in Ref. [2] ). Naively, we can expect that smaller values of the strong coupling constants g D * D * P , g D * DP , f D * DV , f D * D * V , g DDV and g D * D * V lead to smaller final-state interaction effects in the hadronic B decays. For example, the contributions from the rescattering mechanism in the decay
can occur through exchange of D * (or D) in the t channel for the sub-precess D * ρ → Dπ [2] . The amplitude of the rescattering Feynman diagrams is proportional to
where the C i and D i are some coefficients.
Conclusion
In this article, we study the vertices D * D * P , D * DV and DDV with the light-cone QCD sum rules. The strong coupling constants
and g D * D * V play an important role in understanding the final-state interactions in the hadronic B decays. They relate to the basic parameters g, λ and β respectively in the heavy quark effective Lagrangian. Our numerical values of the g, β and λ 
where
Appendix B
The light-cone distribution amplitudes of the K meson are defined by
Dα i A ⊥ (α i )e −ip·x(αs+vαg ) ,
where g 
here ξ = 2u − 1, and C 16, 19, 23] . The corresponding light-cone distribution amplitudes for the π meson can be obtained with a simple replacement of the nonperturbative parameters.
